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FIGURE 1 
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FIGURE 3 
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Fig. 5c 
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FIGURE 7 
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A METHOD AND APPARATUS FO R COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE UKE 

The invtotiofi relates to the £dd of petroleum service and supply industries end mm 
paxtkiilarry to completing wclb 

Whuc drilling a taking place, the integrity of a well is controlled by a drilling mid of density 
that needs to be adjusted 10 that the hydraulic pressure of the mud column opposes the kales 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure d&crcncc due to 
the difference in depth is such that it U no longer possible to formulate a mud capable of 
performing its function over the entire length of the well, so to prevent coQapsc of the wall, h 
is necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the well, and are fixed to the will of the wdl by 
cementing. Thereafter, drilling can continue down to the next critical depth 

Each newry-driDed length must be Sued with caaaqg erf 1 outate 

pais through the casing that is already in plate at shaBower depth* As a result the casing has t 
staircase structure with a hole that is large at the top of the wefl and much narrower at the 
bottom of the well. Such a configuration b far from optimal: % Urge hole at the surface means 

that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zones does not favor production by good draining of the formation. 

Worse still, h often happens that the hole passes through urcxpectcd critical zooes even before 
boring has reached a critical depth Such critical zones may. for example, be veins of very 
friable rock or "pockets' of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumstances, the only solution it often to cement these zones by putting casing into place 
tnunecfiatery, thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones are encountered is drilfing corrtxnucs. 
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It will also be imdcrsiood thai it is very difficult to repair (hmtged casing by iostaffing new 
casing, without further «gm^canlry reducing the size of the hole and thus running the risk of 
preventing penetration of certain tods or item of equipment that may be needed kx the 
production zones* for example. 

Over the Ust few >«ari, the indnsny 

completing them temporarily, so as to raknmze the number of 'steps' and to increase the 
downhole diameter of the wdL 

proposals have thus been made to use a composite material co mpri si n g an expandable doth 
made of glass fibers impregnated with w»H»ly«rixed epoxy resin and having a rubber 
membrane covering it* outside fee* which i* directed towardi the will of the hok. By using an 
appropriate laying tool, the membrane is appfied against the wall of the hole or a damaged 
portion of casing, and the resin is caused to polymerize by beii^ 

that technique is that it requires electrical power of the order of 1000 watts per linear meter, 

thiuttriu^taappfo^^ 

of synthetic material carmtf 

be capable. « particular, of withstai^ treatments based on strong acids or other materials 
that are particularly corrosive. 

US Patent 5 348 095 proposes making casing out of a continuous tube of ductfle material 
capable of vvithttawfing large amounts of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
acconmaiu^ by a reduction m 
problems at the ends. Furthermore, the pre^ 

US Patent 5 366 012 proposes a perforated fi^ 

A mandrel having a large diameter that is greater than the inside diameter of the perforated 
finer is used to expand the wall of the finer and the orifices become larger. Ffoewemforced 
cemem can then be cast on ehto si^ 

the finer is bored again, thereby leaving a casing of ftro-cement that is reinforced by metal 
reinforcement. The need For farther boring after ceinenting constitutes a major drawback of 
that technique. In addition, in the above-irwriixwd case, the pressures required for expanding 
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the tube are quite high and the final length of the finer is reduced. Finally, the slots must be 
pierced in compliance with very precise specification* which leads to a manu&cturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing that doea pot preacnt 
the above-nientiooed drawbacks of the art 

According to the awention, this object is achieved by a finer for c o mpletin g a hole in an 
underground formation, the liner being constituted by a spiral-wound strip of spiral cross- 
section, its loogmufinal edges having complementary touching profiles such that after 
expansion the Uner b circular in section. 

To complete a weO, the ipiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placeoxnt tool, eg. a conical tool, so as to place the kwgitudinal edge in 
a touching position where they form a cylinder. A dosed continuous liner h thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral-wound casing of to 

horizontal or rouhWateral, given its small diameter m its contracted state which fends itself 
wel to being installed m lUtfro^ 
traditional casing segments. 

The uner of the invention b also weO adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion b dose to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drifting can continue and the entire column, inducing 
the zone that has already been completed, b subseau ently completed in conventional manner. 

The spiral casing of the invention can also be used for repairing casin g that has been damaged, 
since the outside diameter of the spiral casing after expansion can be aelected to be equal to or 
very slightly less the inside diameter of the casing that is already b place. 

The spiral-wound strip preferably has chamfered toqgjtudinaJ edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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longitudinal axis of the Bner . Also prrfosHy. the looptudbiJ edges have t crenelsled section 
to provide mechanical engagement at • prtdetcrmined diameter. 

In > more particularly preferred variant of the invention, the liner ii obtained by rolling up a 
drip about an axis that i» at 4 certain angle rotative Jo the txtttrfiymniettyoftheitrip. Under 
wen circumstances, when the liner is m the coimc^ Bate, h baa ed^t^fbm a double 
hefixanxmd the cyfindw. If the period exf the he^ 
figure is obtained whose length is not altered by ejpMoq.. 

Tt» finer of the «n«itk» can be wound length^ 

coiled tubing. In order to complete sections that are of great length, it » possible to weld 
together a plurality of sheet!, either during manu&ctuie of die finer, which is preferable when 
using the coiled tubing technique, or else* 

The finer of the invention can be made of metal, eg. steel or any other material having the 
desired degrees of elasticity and ptaaicity. to shmikl be obaoved that tf^ 
is selected, and providing it has not been cemented, then the iner of the invention can 
optionaly be removed, thus making temporary placements posa"bk. 

Other details and advantageous characteristics of the invention appear fiom the following 
description given with reference to the figures, in which: 

after expansion, shown in perspective (Figures 1. and lb) and in end view (figures la' ind 
W). 

• Figure 2 shows an expansion toot 

• Rgure3 .hows an example of ii>echanical engagement uring tootlrf edges (figures 3n to 
3d) and ahows various profiles for such toothed edges; 

• Figure 4 is a perspective view ofa liner m the contracted state aiid havmg 
with toothed sections; 
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• Figure 5 shows a liner of the invention having tongjnKfrna] edge* constituting a doable hefix, 
seen in perspective in the contacted state (Figure 5a), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c£ 

• Figure 6 show* an example of temporary completion using a finer of the mventkm; 

• Figure 7 shows a typical sequence for completioo of a production zone; and 

- Figure 8 shows a variant of a finer of the invention that b perforated and fitted with a sand 
screen. 

The concept of the invention is shown in Figure 1. A strip, e>g. a metal strip, is spiral-wound 
(Figures la and la*) with overlap over an angle A. After expansion, the finer is circular in 
section and hi longitudinal edges come into contact to constitute a doled peripheral surface. 

If the winding follows an Arcrdmedes J spiral, then writing c, for the thickness of the strip and 
Dc for the pseudosfiaineter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion b given by the Mowing emjation: 

where A, the overlap angle, is e xp re ss e d in radians, and where the lengths De, Dc, and c, are 
expressed in the same units. 

Whh an overlap of 90* as shown in Figure la, a liner having an outside diameter De of 17.8 
cm (7") and a thickness £ of 9 J mm (3/8 of an inch) b contracted to a diameter Dc of 14.9 cm 
(5.8$"). For an overlap of 180\ the expansion b close to 50K. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone assembly as sr»wn diagram 10 suitable for 

being fixed to the end of a coiled tube or of a string of rods, and a second end 11 of diameter 
li t n il i t to that of the spiral- wound liner in the contracted state, thereby e n a blin g the spiral- 
wound finer to be pushed to the zone which b to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inskk dbmeter of the liner after 
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it has been expanded. The enlarged none 12 is preferably capable of being retracted at lent in 

part by rernoto control mesta such utydr^ 

of such means aa b conventional for placement toob as used in wells. 

In the variant of the mveodon shown in Figures, die complementary bngxu&al edges are 
given teeth so u to form a mechanical tock. As can be seen more psrtksiisrfym Figure* 3a to 
3d, • toothed edge, in tins case an edge having three teeth, can provide effective! 


It nay also be observed that the Iccgkufiml edges have a contact area racing in a general 
direction ~5 »t a rion-eeto angle relative to the noraal tote 

englc of about 45*, and more generally lying in the range 30* to 60* is generally preferred. 

Other virisnt toothed profiles sre shown in Figure 3e The rnmtba of teedi can be increase^ 
or on the contrary, decreased, and it is possible to sdect profiles that are iieam to being 
square so as to achieve engagement that is closer to being of die tewm and mortise type. In all 
of the examples shown in Figure 3, the toothed edges follow a general direction D at a 
cemm angte relative to the iiormd to the to 

preferably such as to minintiie radial fiictioo forces that tend to oppose sfcfing of the two 
oon.plcswntarypMtk^ As shown 

expanding the spiral-wound finer create radial fixrion forces Fc and Fd which tend to move 
the edges apart. This separation force csn be ndrrirnized or even eliminated by (>ptirmzing the 
shape of the teeth. 

The forces Fa and Fb which assist in locking the fine* are dirccdy prepaid ^ 
tagfe A of die finer in the contracted position. Nevertheless, too much overlap also tends to 
increase the radial forces so that a balance must be fcund between the desired coefiks^ 
expansion and mechanical locking. 

The finer is expanded into the shape of a cone of dimensions that depend essentisDy on the 
geon^try of the spiral-wound iner tnd on its elasticity, and to a smaller extent on the apex 
angle of the corneal expansion tool. To writ friction forces, it may be advantageous to select 
an expansion tool constituted by a cone whose apex ingle is dose to that of the 'natural' 
expansion cone of the spiral-wound finer. 
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As shown mm particularly in Figure 4, the axis of the engagement teeth forms an angle B 
with the wis of the spiral-wound tube. This angle B has an optxnum vihie lying between the 
"natural" expansion cone wo^^tbtlmuAi^hamN^ima^wo^^l^ 

Figures shows the most particularly preferred variant of the invention m which the finer is 
obtained by rolfing tip a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip. In the contracted position (Figure 5a), the edges form a double hefix 
around the finer. After expansion (Figure St\ the two heHxes coincide and the junction fine 
winds helically around the finer. 

A particularly advantageous aspect of this geometry Bes in it being possible for expansion to 
be performed without changing the X length of the finer. If, as shown tn Figure 5c. the 
•aumctcrs" oftbe izner are written Dc art 

the contracted state and index fi to the finer in the expanded state), and the peri ods of the 

heficaloutvestbikwri edge* are wrftten He and He (where tte 

hefix is defined as being the distance measured along the tongitiKfinaJ axis of the liner between 

two corresponding points that are one complete turn apart around the cylinder of diameter Dc 

(orDeifthecascnaybe)),atKliftte 

a finer whose total length uX.it can be shcjwn that the lengm L U equal to: 


and that conscqucotry, if the tape U roUed up to such a manner that ^ = ^, then the length 
X does not vary. 

With this double hefoc configuration, it should also be observed that if the strip constituting the 
finer is of thickness W, then the diameter after expansion u giro 
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Fn^, toother <»n«qucoceof to 

in a plane perpendicutsf to the axis erf the finer during the expansion stage* if the cods of the 
double hefix finer ire cut pefpca&uhriy to the loi^ 

ends wffl define perfect drdes in plane thtt arc themselves popcodicuUr to the longitudinal 
txis of the finer. Tins disposition is particularly frvoraHe for ensuring seafing of the 
completion it the cods of the finer. 

flgura6KKl7arehigh?yiffr ^ 

wound finer of the invention, it being understood that these examples are not fonhing m any 


way. 

in Ac example shown in Figured, the spiral-wound tube b used for computing a zone in 
temporary manner. In a well m deep water, the proluem m^ ^ 
between the fracturing gnuto 

problems associated, for example* with the presence of formations that are highly unstable 
(clayey rock, sands, salts, etc.) in depletion aones, or other problems that are well known to 
the person skffled m the art m 
proportion to their leugft stoce entkipatrf 
onanextn<>ccwwther^ 

The well has been dritted and casing has been ntttalM m i* upptf 1. IXffling has then 

contuwed beneath tl* ca»^ 

b not cased, prior to reaching a ^ 4 of length U which needs to be t«^ 

(Figure 6a). The decision b taken to proceed with temporary completion using a finer of the 

invention. A spir^^ 

double conical expansion tool 6 fixed at the aid of a ttrbe 7. TTie e*^ 
move on (Figure fib) so as to spread ar^ the walls of the 

diameter (Figure 6c). Once the Ener b in place (Figure 6d) the expansion tool is returned to 
the surfcee and the finer b cemented ushuj cement^ 

shown here, the finer b provided with openings 8 to aDow cement to pass from the inside of 
the Dner towards the ai»wh« 
shoe could be used. 
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After expansion, the inside diameter of the liner b prtCtkiDy identical to the diameter of the 
hole in rone* where there are no drilling problems (where ncctwary, the hole on be enlarged 
in the zone that requires treatment by means of a reamer)- Drilling can then be started again 
without any need to driD through a cemented zone; end the entire well can be completed is 
accordance with the original drilling plan, and without any reduction in the dia m e ter of the 
wdL 

It is deer that adflt*om J »t a centralhgr could he used fa fywhfnatina with the incr 

of the iiiverrion. Abo, the finer b preferably filled with codpieces made of e material that is 
easily deformed and that b et^ 
wound liner b properly expanded over its entire length. 

A typical sequence of using a spoil-wound liner of the invention for completing a section of a 
reservoir b shown in Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention b brought in the contracted state to a oon-cascd 
section of the reservoir (Figure 7a) and it b then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production liner, the Ener of the urvtntion is, in this case, 
pierced to allow production mods to pass therethrough, and as shown m Figure *, It b 
preferably covered b a grid which may be fixed thereto, eg. by being welded to the strip prior 
to spiral winding. The grid u preferably on the outside free of the finer, facing towards the 
waH 

It should be observed that the surface area of the roDed-up strip remains unaltered during 
expansion so wells are not weakened by the sfxral-wou^ 

place and expanded For the same reason, the size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a mariner that b entirely 
independent of the dbmetera in the contracted state and in the expanded state. Thb makes it 
possible, in particular, to obtain a liner that b very strong in association with greater stability 
and longer life of the v/di. 
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F©r a horizontal well, a spiral-wound finer of the b pinkatarV «dvtnt^eooi ^ U 

on be placed very dose to the fcnnation, even ia the upper portk* of tl* finer, mm that is 
often not the ea$e with a conveatiooal finer that Umcapabte of being enotneted. 

So long as it hai not been cemented, a spiral-wound finer on be withdrawn by means of a 
.pedal tool which separata the tatgtaMmal edgm was to allow the finer to tofi up egam and 
ictun to a state sumW to that of its initial ooitracud atatet If such whndi^ tt esq»ected 
only after several troths or years, c« 
reiainiiigttt elastic properties owsu^ 

The geometry of the spiral-wound finer of the invention is entirely compatible with mass 
production at low coat For example, it is possible to use metal strips (where necessary strips 
that are welded together) that are pierced m a predefined fattenv e.g by punches im 
rollers or by a hydraulic press having a punch. The longitudinal edges are preferably rectified 
continuously so as to give them a toothed profile, and grids may shnilariy be welded at least 
along one of the longmufinal edges before winding into a spiral FnaQy. the strip may be 
spiral-wtnmd directly and then coiled, either continuously or else after being an up into equal 
lengths. 

In general, it is preferable to pay out a liner of the invention from a ted since that is cheaper 

once the section to be completed h long, and more rename since connections are emitted. 

NeverthdeS3,nlsecnjaItypoJSiT>tetou» 

zone by repeatedly placing and expanding lengths of liner. 
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CLAIMS 

V A finer for completing t bole in an underground formation, the finer being constituted by t 
spiral-wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the finer is circular in section. 

2/ A finer according to claim l v characterized in that the longitudinal edges define a contact 

surface of general direction D lying in i plane that forms a non-zero angle relative to the 
longitudinal axis of the finer. 

V A finer according to claim 2, characterized in that said angle formed by the geoenJ direction 
D of the contact surface lies in the range 30* to 60°. 

4/ A finer according to any preceding claim, characterized m that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding daim, charactcrirad m that the finer is obtained by 
rolling up a str^ about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ A liner according to airy preceding daim, characterized m that it h provided with openings. 

7/ A liner accenting to daim 6, chtfactefiaai b that h b covered in a grid. 

ZJ A liner according to claim 7, characterized in that the grid is wdded oa 

9/ A method of completing i hole in an underground formation in which a spiral-wound strip 
a towered down the hole, and the strip is opeoed until a circular sec*k» b curtained by means 
of a corneal placement tool for putting the longitudinal edges into a touching position. 

10/ A method according to daim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/TbeuscofthenKthod*<confi^ 10, for repairing* casing, 

13/ The use of the method of claim 9 for eonjpktingtprodw^onxcMic. 

147 A system for ftrnip*-"g t hole in an underground fbnnttioo, duracterized in that it 
includes a finer according to any one of claims 1 to ft and an expansion tool suitable Ex 
Splaying apart the longitudinal edges until they take up a portion where they touch each other 
edge-to-edgp. 

15/ A tool for wWufrswing * n^ to any one tf eJanns 1 to ft, the tool comprising 

means for moving the fcngituouiaJ edges apart by a aamcter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound c<mfiguritkm of a diameter that is *m*D enough to enable the liner to be extracted from 
the well. 
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